Historically, the precursor cells to spermatogonia have been identified as ''gonocytes,'' a term created in the fifties to encompass fetal and neonatal germ cells from the time they become resident in testis primordia to the time they relocate at the basement membrane of the seminiferous cords and differentiate. During this period, spreading over several days in rodents and months in humans, germ cell morphology and central location within the cords remain relatively unchanged. Another common trait is the intensive DNA methylation taking place in fetal to neonatal gonocytes. It is only when they reach the periphery of the cords after birth that germ cells acquire the characteristic appearance of spermatogonia. Studies showed that fetal and neonatal germ cells undergo progressive developmental changes comprising three major phases, a fetal mitotic phase followed by a quiescent period during which most of DNA methylation occurs and a neonatal mitotic phase associated with migration to the basement membrane, morphological changes, and differentiation to spermatogonia. Efforts to associate a distinctive gene expression profile to each of these phases have failed, revealing instead gradual changes in gene and protein expression and the coexistence within each period of unsynchronized cells at different phases of development. In the seventies, the terms pre-or prospermatogonia appeared as alternatives for the term gonocytes, but the definition of these terminologies varied between studies. Thus far, the term gonocyte remains the most commonly used, corresponding to a specific location of the cells, morphological appearance, and functional traits, which are distinct from the prior and subsequent developmental phases. In view of the present knowledge, one could further distinguish gonocyte subsets by the prefixes M, Q, and T, describing, respectively, fetal mitotic, quiescent, and transitional neonatal mitotic/migratory gonocytes, in conjunction with emerging methods allowing better discrimination of these subsets.
HISTORICAL PERSPECTIVES
Interest for understanding the mechanisms regulating spermatogonial stem cell (SSC) formation has increased in recent years as a result of the successful reestablishment of spermatogenesis after SSC transplantation in animal models [1] . These studies opened new prospects of adapting these methods for the restoration of spermatogenesis in cancer patients after chemotherapy or radiation treatments. With this renewed interest, some investigators have expressed the intention of replacing the term ''gonocyte,'' used for over six decades to describe intratesticular fetal and neonatal phases prior to spermatogonia formation, by another name.
The term gonocyte, originally coined by Clermont and Perey in the 1950s, refers to fetal germ cells as they become resident in the gonad primordium [2] . According to a commentary by Yves Clermont in the Current Contents of 1987 [3] , it was in 1953 that he and Perey decided that it was essential to understand the origins of the spermatogonia in newborn rats. Using Sherman albino rats, they performed a thorough analysis of the morphological characteristics of germ cells in testes from Gestation Day (GD) 15 to 21, Postnatal Days (PNDs) 1, 4, 6, 9, and 12, and older age. The results of this study were published in their 1957 article [2] . In his 1987 commentary, Clermont clearly referred to the neonatal germ cells preceding spermatogonia as gonocytes: ''The differentiation of gonocytes into type A spermatogonia that in turn produce type B spermatogonia and spermatocytes, as well as the transformation of small supporting cells into Sertoli cells, was carefully described, timed, and quantitatively analysed.'' The term gonocytes was further defined by Baillie in 1964 as the germ cells that ''persist in the testis from the formation of the sex cords until a few days after birth when they disappear'' [4] . Although the term gonocyte was designed to represent male germ cells, it is interesting to note that few investigators used it to identify female intragonadal fetal germ cells [5] . However, as fundamental differences in the fate of male and female fetal germ cells were unveiled, the term gonocytes became restricted to male germ cells.
RECENT FINDINGS IN SUPPORT OF THE HISTORICAL CHOICE
Yves Clermont, in his wisdom and deep experience of testicular germ cells and spermatogenesis process, might have sensed that this phase in germ cell development was unique, as he chose to name the gonad-resident fetal and neonatal germ cells differently than the subsequent postnatal phases of germ cell development, which he had so carefully catalogued and characterized. Indeed, it was Leblond and Clermont [6] who created the detailed diagrams of spermatogenic cycles that are still used by scientists around the world, and yet he chose to call the gonad-resident germ cells from which arise spermatogonia by another name. Amazingly, several decades later, advances in epigenetics would articulate Dr. Clermont's foresight that the intratesticular germ cell developmental phases from the fetal to neonatal periods have a unique common trait beyond their morphological similarities. Indeed, these are the phases during which the bulk of active DNA remethylation responsible of paternal imprinting and transposon silencing takes place in male germ cell [7, 8] . Studies have shown that alterations of the DNA remethylation pattern and inactivation of proteins involved in this process can lead to embryonic lethal phenotypes in rodents, while in human, defects in the DNA methylation of imprinted genes have been associated with oligospermia, pinpointing to the importance of this process [8] . The present knowledge is in support of the choice made by Clermont and Perey to use a name that would associate these cells with the gonads, while demarcating them from the subsequent postnatal developmental phases starting at the spermatogonia.
GONOCYTE CHARACTERISTICS
From the historical definitions cited above, it is clear that the term gonocyte was intended to designate the male germ cell from the point it becomes resident in the gonadal primordium to the time it reaches the basement membrane of the seminiferous cord and differentiates to become a spermatogonium, presenting a very different phenotype. This definition is not only in keeping with the historical meaning of the name, but it also highlights how the fetal-neonatal phases of germ cell development differ from their predecessors, the primordial germ cells (PGCs), and their successors, the spermatogonia. As shown in electron microscopy pictures from the fifties and sixties, fetal and postnatal gonocytes are large cells with a prominent spherical euchromatic nucleus and usually two nucleoli, clearly indicating that the ultrastructure and morphological appearance of male germ cells is rather constant over the perinatal period [3] . From the time germ cells become resident into a newly formed seminiferous cord to the postnatal period at which they migrate toward the periphery of the cord, they are surrounded by the cytoplasmic extensions of several Sertoli cells and separated from the basement membrane by three to four Sertoli cell nuclei. Despite the absence of a bloodtestis barrier in neonatal seminiferous cords, intercellular junctions between adjacent Sertoli cells and Sertoli cellsgonocytes have been identified in neonatal testes. Indeed, gonocytes were found to be associated to Sertoli cells via gap and desmosomelike junctions, believed to regulate communication between these cells [9] . A variety of cell adhesion molecules were found in gonocytes and Sertoli cells, including NCAM [10] , PB-cadherin [11] , and connexin 43 [12, 13] . Thus, in order to migrate to the basement membrane, neonatal gonocytes need to free themselves from junctions with Sertoli cells and migrate between the lateral surfaces of adjacent Sertoli cells. It is only when they reach the basement membrane that their phenotype visibly changes and the cells take up the typical asymmetrical appearance of spermatogonia, with the basal side aligned along and in close contact with the basement membrane. Indeed, studies have shown that migration to the basement membrane of the seminiferous cord is essential for gonocyte differentiation and that failure to do so leads to apoptosis [14, 15] . Hence, a particularity that differentiates neonatal gonocytes from their fetal precursors is their migratory ability, a behavior likely supported by the expression of genes related to cell migration in neonatal migratory gonocytes, which remain to be identified.
GENE AND PROTEIN EXPRESSION PROFILES OF GONOCYTES
Because most studies comparing gene expression profiles focused on PGCs, fetal or neonatal gonocytes and spermatogonia, but not on different phases of gonocyte development, only few genes have been shown to be differentially expressed between the three subsets of gonocytes [16] . This includes Nanog, which decreased from being expressed in 13% of fetal mitotic gonocytes to 1% in quiescent gonocytes [17] , and the GDNF receptor complex GFRa1/RET, which were found in mitotic fetal but not quiescent gonocytes [18] . Nucleostemin (NS) was strongly expressed in GD 14.5 mouse germ cells, together with OCT4 and c-KIT, independently of the cell proliferation status of the cells, but was present only in a small number of gonocytes at PND0.5, together with a6-integrin [19] . Interestingly, among the a6-integrin-positive neonatal gonocytes, only those presenting high NS levels were able to form colonies in transplantation assays, suggesting that PND0.5 gonocytes include a subset of high NS-expressing cells with stem cell properties and another group of gonocytes with low NS levels devoid of stem cell properties [19] . The heterogeneity within gonocyte populations was clearly demonstrated by studies measuring simultaneously several markers. For instance, while most PND0.5 mouse gonocytes expressed OCT4, Tra98, EE-2 antigen, and ALCAM, 75% of these cells coexpressed a6 and b1 integrins, whereas 25% expressed only a6 integrin [20] . The population heterogeneity was also highlighted in studies describing the existence of germ cells presenting different levels of the same protein at a specific age. This is the case of the TGF b-related protein activin bA, present in rat gonocyte cytoplasm from GD18.5 to PND3 in a variable manner, with some gonocytes within the same sections expressing higher levels of activin bA than others [21] . Moreover, activin bA levels appeared to decrease in parallel with an increase in its inhibitor, follistatin, during the transition from gonocytes to spermatogonia [21] .
VARIATIONS IN PROTEIN SUBCELLULAR LOCALIZATION AND FUNCTIONAL DIFFERENCES
One of the few genes identified as a potential marker for neonatal gonocyte is the forkhead transcription factor FOXO1, which was shown to be expressed in all mouse PND1 and PND3 gonocytes. Interestingly, the subcellular localization of the protein differed between the two ages, with FOXO1 being restricted to the cytoplasm at PND1, whereas it was predominantly nuclear in PND3 gonocytes [22] . High levels of FOXO1 were also observed in the nuclei of SSCs and undifferentiated spermatogonia, but not in more mature germ cells. It was therefore proposed that FOXO1 translocation from cytoplasm to nucleus corresponds to its activation and that it may represent a good marker of the gonocyte to SSC transition [22] . Other types of functional differences, such as cells in quiescence or mitosis, can be observed within narrow and overlapping time frames, further illustrating the heterogeneity and plasticity of these cells. For instance, PND2 rat gonocytes were found to be unresponsive to PDGF and 17b-estradiol, while PND3 gonocytes proliferate in response to a combination of these factors [16, 23] . Retinoic acid is another factor CULTY exemplifying functional differences between fetal and neonatal gonocytes, as shown by its ability to induce both proliferation and apoptosis in fetal gonocytes [24] , while its main effect in neonatal rodents is to induce differentiation [25, 26] . We now know, thanks to gene expression and functional studies as those mentioned above, that, despite their similarities, fetal and neonatal gonocytes are heterogeneous populations encompassing subsets of germ cell types, similarly to spermatogonia. However, these differences have been difficult to categorize because they mostly correspond to subtle but multiple changes in protein profiles, occurring progressively over time, probably due to lack of synchronization and, in some cases, asymmetric division [16, 27, 28] . Nonetheless, despite these differences, fetal and neonatal gonocytes form a distinctive period in germ cell development, sharing characteristics that clearly separate them from earlier and later phases of development.
THE EMERGENCE OF ALTERNATIVE NAMES
In the past few years, some scientists began opposing the use of the term gonocytes to designate the fetal to neonatal types of germ cells residing within the testis. Instead, these investigators favor the terms ''prespermatogonia'' or ''prospermatogonia,'' which both appeared in articles in the 1970s. The prefix ''pre'' (etymology: Latin) appears clearer as it is restricted to the meaning of ''before,'' while the prefix ''pro'' has different meanings depending of its origin, indicating either ''before'' from its Greek origin or ''forward, precursor, anterior, or in support of'' from its Latin origin. A search of public databases (PubMed) for the three terms confirmed that the term gonocytes is the most frequently used term in publications (582 articles; 150 for the singular word), followed by prospermatogonia (64 articles, starting in 1974), and prespermatogonia (49 articles since 1977). Searching Google for these terms also showed that the term gonocytes has been cited more often than either pro-or prespermatogonia (58 300 vs. 5900 vs. 4060 citations, respectively), even in recent years. Although these searches have likely missed a number of articles, they still indicate that investigators favor the historical term gonocytes over the two newer terms. Indeed, many prominent scientists in the fields of spermatogenesis and male reproduction use the term gonocytes to indicate germ cells resident in the gonads from fetal to neonatal ages, including the neonatal germ cells that precede spermatogonia. For example, Wu et al. [29] in 2009 published an article comparing neonatal mouse gonocytes to 2-mo-old human gonocytes. Zhou et al. [26] , Mendis et al. [30] , De Miguel et al. [31] , Dorval-Coiffec et al. [32] , and Wright [33] are among other experts who are using the term gonocytes in their studies. It would be impossible to cite them all. Others, such as our laboratory [34] and Griswold and Oatley in one of their recent articles [35] , recently opted for citing both gonocytes and prospermatogonia (or prespermatogonia) within the same article in an effort to reach and conciliate all investigators independent of their preferences of terminologies.
ETYMOLOGY OF THE WORD GONOCYTE
One criticism that could be at the origin of some of the investigators choosing another name for gonocytes is that the name does not imply that it is a germ cell because it does not contain the prefix ''sperm.'' Of course, this is also true of the PGCs, for which using a prefix indicative of the sex would not have made sense because these cells migrate as bipotential germ cells into indifferent gonadal primordia prior to sex determination. Nevertheless, it should be noted that Clermont and Perey chose to name gonad-resident fetal to neonatal germ cells with a term combining the root ''gon (o)''-a prefix from Ancient Greek origin (cómo1) signifying ''seed, semen, reproductive''-with the suffix ''cyte''-meaning cell (Greek etymology: jtso1)-indicating that the cells in question have reproductive function and are related to the gonads and sperm production. Moreover, looking at the literature, histology, and anatomy textbooks, one can easily find multiple examples of cell types for which the name does not indicate the localization or function in the body, often because these cells were given the name of the persons who described them first. Such is the case in the testis of the Sertoli and Leydig cells, two of the most critical cell types in male reproduction.
DEFINITION OF EXISTING TERMINOLOGIES
Another argument that has been voiced against the term gonocytes is that it encompasses too many subsets of germ cell types that could be characterized and discriminated from each other, and thus should be named differently from each other. As mentioned above, it is now clear that fetal and neonatal gonocytes include subsets of asynchronous germ cells with different behaviors and that defining them according to gene expression profiles that would be unique to each subset has remained a challenge because of the coexistence at each age of subsets of cells with varied combination or levels of the same genes [16] . Nonetheless, various authors have used different criteria in attempting to define and classify the different types of fetal and neonatal germ cells residing in the gonads (Fig. 1) . Some authors, such as Yasuda and colleagues [36] in 1986, used a succession of terms, including gonocytes, corresponding to the first intragonadal fetal germ cells, followed by M-(mitotic), T1-(transitional 1), and T2-prospermatogonia, to describe the successive phases of gonocyte development based on the cells being proliferative or quiescent. Similarly, McCarrey [37] in 1993 supported this terminology, calling mitotic fetal germ cells M-prospermatogonia, those entering G0 mitotic arrest T1-prospermatogonia, and those resuming proliferation after birth T2-prospermatogonia. Others simply described them by the overall term of prospermatogonia [38] . Gaskell et al. [39] proposed yet another way to divide human fetal germ cell in different types, this time by naming them according to their expression levels of a combination of three representative genes, OCT4, c-KIT, and MAGE-A4. Others chose not to use the term gonocytes for the early step after PGCs, but instead they called the cells directly M-, T1-, T2-, and postnatal prespermatogonia according to the expression levels of the genes M2A antigen, the germ cell alkaline phosphatase, and the somatic isoform of the angiotensinconverting enzyme [40] . Sharpe et al. [41] used, instead of gene markers, the relationship of the germ cells with the basement membrane as a criterion to classify the cells into two types, those that did not present visible contact with the basement membrane, called gonocytes, and those for which some point of contact with the basement membrane was visible, described as prespermatogonia. A third category was constituted of cells clearly in contact with the basement membrane on their basal side that were categorized as spermatogonia [41] . Pauls et al. [42] , using the frequencies of OCT3/4-, C-KIT-, M2A-, AP-2c-, and MAGE-A4-positive fetal germ cells as the criteria, proposed that human fetal germ cells should be subdivided into two major cell types, further noting that they could not identify a third type as reported by Gaskell et al. [39] . A similar division was used by Jørgensen et al. [43] to define fetal to neonatal human germ cells in which fetal germ cells were identified as gonocytes until Gestational Week 22. This was followed by a 2-wk transition period where EARLY MALE GERM CELLS: GONOCYTES the cells were referred to as gonocytes/prespermatogonia, and a subsequent phase from Gestational Week 25 to 2 mo after birth in which germ cells were described as prespermatogonia. Here again, the study of the expression levels of DMRT1 and NANOS3 illustrates the coexistence of germ cells with varied levels of these proteins in fetal to childhood germ cells. Hence, there is no agreement on the terms used to define the various subtypes of fetal and neonatal germ cells among scientists who do not use the historical name gonocytes. A comparison of the timelines and alternative names proposed in various articles undeniably shows that there is no consensus for an alternative name to the term gonocytes, but also that more research is needed to harmonize the data and better define the parameters characterizing each subset. Because of the lack of knowledge and the existing uncertainties, it seems that continuing to use the term gonocytes as it has been used for several decades might be the best choice. Indeed, a simple definition of the term gonocyte is that it characterizes the germ cell according to its presence at fetal to neonatal ages, its intragonadal location, its particular physical appearance as a cell twice the size of neighboring somatic cells with a large nucleus and one to two prominent nucleoli, and the absence of direct contact with the seminiferous cord basement membrane. This definition does not distinguish between subsets that coexist in the fetal/ neonatal germ cell populations that would require the measurement of specific genes or proteins to be recognized.
TRANSIENT NATURE AND OVERLAPPING PHASES IN GONOCYTE DEVELOPMENT
One challenge in attempting to better define distinct stages of development is that the various germ cell subsets that have been partially characterized are not restricted to specific time frames of development, but rather they overlap in time and often occur simultaneously in the testis. Moreover, one cannot visually distinguish the different subtypes of gonocytes, as their morphologies are very similar, by contrast to the germ cells of the spermatogenic cycle, which can be easily distinguished from each other by their morphological appearances. Thus, one cannot stage PND3-4 cord sections because one can observe both centrally located gonocytes, representing the majority of cells at these ages, and a few cells closer to the CULTY periphery of the cord within the same section. Moreover, in vivo [
3 H]-thymidine incorporation studies using four successive injections have shown that only a small percentage of gonocytes are simultaneously in S phase and that proliferation and migration toward the basement membrane of the seminiferous cord occur randomly [44] . It is possible that quiescent gonocytes are those that are in the process of remethylating the DNA that was erased in PGCs, but this remains to be determined. Studies using the transcription factor neurogenin 3 as a marker of undifferentiated spermatogonia suggested that a fraction of the PND3 gonocytes are already committed to differentiate along the first wave, while the majority will progress to become spermatogonial stem cells [45, 46] . A major difference between gonocytes and SSCs is that gonocytes represent by nature transient phases of germ cell development, whereas SSCs can be found throughout the life of an individual.
NEW CONCEPTS AND CONCLUSIONS
Recent studies have shown that the early steps of spermatogonial differentiation can also be divided in subset of cells presenting increasing or decreasing levels of critical proteins as their development progresses [35] . Indeed, the identification of the so-called true spermatogonial stem cell has proven to be an elusive task, as every new potential candidate gene marker of the stem cell has so far been also observed in progenitor cells committed to differentiation, but at lower levels [47] [48] [49] . Using live-imaging and pulse-labeling approaches, Yoshida [49] recently proposed that the stem cell population is more plastic and heterogeneous than originally thought. In this stem cell population, progenitor or differentiating spermatogonia would keep the capacity to regain selfrenewing potential and revert to a stem cell state under specific conditions [50] . Such flexibility in the fate of SSCs would make sense in the context of species survival because it would ensure the possibility of reforming a SSC pool following a lethal insult to germ cells, thus rescuing the reproductive potential of the affected individual. Likewise, it is tempting to think that the lack of synchronization in gonocyte development presents the advantage of having at any given time germ cells with different susceptibilities to insults, warranting that some gonocytes would always escape a chemical or viral attack, in order to ensure the formation of germline stem cells and the maintenance of fertility.
In conclusion, trying to tightly compartmentalize fetal and neonatal gonocytes into neatly defined subsets of cells with unique characteristics and time frames might not be sensible or feasible. In view of these facts, continuing to use the historical term gonocytes to identify these cells, with the addition when possible of a prefix indicative of their position within the cell cycle (M or Q), appears to be a valid and logical option. It also seems appropriate to use the prefix ''transitional'' to designate neonatal proliferating/migratory gonocytes, which correspond to the last step of this process, leading to the formation of spermatogonia. Adopting these terminologies could harmonize and simplify the transfer and comparison of information related to these early phases of germ cell development in the literature, keeping in mind that these phases represent a continuum of progressive changes, resulting in the overlap of phenotypes at any given time. [51] proposed for these same cell types 40 years ago! Their M-, T 1 -, and T 2 -prospermatogonia nomenclature is already in place and benefits from use of the term prospermatogonium/a rather than gonocyte/s as described in my minireview. Nevertheless, Dr. Culty's proposal of additional new terminology at this stage would seem to indicate that she agrees that use of the single term gonocyte/s for all fetal and neonatal male germ cells is inadequate and that a multiple subtype nomenclature as proposed by Hilscher et al. [51] is indeed preferable. -Dr. Culty's suggestion that the term gonocyte/s is advantageous because it is ''a name that would associate these cells with the gonads'' is confounding. All stages of the male germ line from spermatogonia through testicular spermatozoa are resident in the gonads, as are fetal and neonatal male germ cells. To the extent that there is a compelling need to use a term for fetal and neonatal male germ cells that specifically conveys a gonadal location, the same logic should apply to spermatogonia, spermatocytes, spermatids, and testicular spermatozoa, and (by the way) to oogonia and oocytes as well! Clearly, the field has not perceived such a need.
Dr. Culty and I agree there is significant heterogeneity among fetal and neonatal male germ cells, just as there is among spermatogonia, spermatocytes, and spermatids for which several subtypes have been designated in each case. Hilscher et al. [51] acknowledged this heterogeneity when they proposed the M-, T 1 -, and T 2 -prospermatogonia terminology. Thus, Dr. Culty's remarks regarding heterogeneity of fetal and neonatal male germ cells would appear to support the rationale that led Hilscher et al. to propose this terminology. However, Dr. Culty appears to be ambiguous regarding the advantages and disadvantages of designating specific subtypes of prospermatogonia or gonocytes. In some places in her minireview she supports this idea, while in other places, she seems to suggest that the simultaneous presence of these subtypes argues against applying specific terms for each subtype. 
